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PROBLEM TO BE SOLVED: To obtain a solid 
polyelectrolyte excellent in ionic conductivity and 
mechanical strengths by incorporating a metal salt in a 
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oxide and/or propylene oxide and a fluoropolymer. 

SOLUTION: A metal salt being desirably an Li salt (e.g. 
LiCI0 4 ) is incorporated in a mixture comprising 
desirably 100 pts.wt. ether polymer (desirably a 



crosslinked one) comprising ethylene oxide and/or 
propylene oxide and 10-100 pts.wt. fluoroporymer (e.g. 
polyvinylidene fluoride), desirably being soluble in a 
nonaqueous medium (e.g. propylene carbonate) and 
desirably being in the form of a nonaqueous solution. 
The polyelectrolyte is obtained by mixing the ether 
polymer with a solution obtained by dissolving the metal 
salt and the fluoropolymer in an organic solvent, 
solidifying the mixture by irradiation with an ionizing 
radiation and optionally removing the solvent. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a solid polymer electrolyte and its manufacture method. 
Furthermore, this invention relates to the solid polymer electrolyte excellent in ionic conductivity and the mechanical strength, 
and its manufacture method in detail. It is suitable for the solid polymer electrolyte of this invention to use it for the rechargeable 
battery which has an electrochemistry element, especially high-energy densities, such as a cell. 
[0002] 

[Description of the Prior Art] With the miniaturization of electronic equipment, information machines and equipment, etc., and 
carrying-izing, it is lightweight and research and development of the rechargeable battery of the high voltage are progressing. A 
metal lithium secondary battery is lightweight especially, and since it has high-energy density, promising ** is carried out very 
much as a power supply of the aforementioned device recently. The nonaqueous electolyte which dissolved the metal lithium as a 
negative electrode and generally dissolved lithium salt as an electrolyte is used for the lithium secondary battery. 
[0003] However, if a charge-and-discharge cycle is repeated, the crystal (dendrite) of arborescence generating and causing 
degradation of an internal short circuit or a cycle property on a metal lithium, is known for the above-mentioned metal lithium 
secondary battery. Then, as a substitute of the negative electrode which consists of a metal lithium, a carbon material etc. is made 
into host material, the rechargeable lithium-ion battery using the negative electrode using the insertion elimination reaction of a 
lithium ion attracts attention, and it is actually used. This rechargeable lithium-ion battery is excellent in a cycle property or 
reliability, although the geometric capacity of a negative electrode is low compared with a metal lithium secondary battery. 
[0004] On the other hand, generally as for the lithium secondary battery (a metal lithium secondary battery and a rechargeable 
lithium-ion battery are included), the organic electrolytic solution is used as an electrolyte. However, further, since the organic 
electrolytic solution contains the problem of reliability, such as degradation of the cell by the liquid spill to the cell exterior, 
volatilization of a solvent, elution of electrode material, etc., and an inflammable organic solvent, the electrolyte of a liquid has 
risk of igniting from a liquid spill. 

[0005] Then, the cell using the solid electrolyte which consists of inorganic material without the liquid spill to the cell exterior or 
polymeric materials is expected. Especially the solid electrolyte (a solid polymer electrolyte is called hereafter) that consists of 
polymeric materials is comparatively easy to manufacture, and its cost is cheap, and it has the feature of being lightweight, the 
top. Therefore, since a solid polymer electrolyte can offer all the solid-state type cells excellent in the versatility of thin shape 
processing and a configuration, it attracts attention. 

[0006] However, although this solid polymer electrolyte is excellent in safety, compared with the organic electrolytic solution of 
the former [ ion conductivity ], very low one poses a problem. Now, many macromolecules in which the solid polymer 
electrolyte contained polyether system polymer, such as a polyethylene oxide and a polypropylene oxide, are used. For example, 
since the straight chain-like macromolecule of a polyethylene oxide or a polypropylene oxide is a crystalline polymer, although 
the solid polymer electrolyte which consists of these macromolecules and an electrolyte salt has good ion conductivity in an 
elevated temperature, in ordinary temperature and the temperature not more than it, ion conductivity becomes quite low. 
[0007] In order to solve the problem of an ion conductivity fall, using the amorphous-ized polymer which a polyethylene oxide, a 
polypropylene oxide, etc. are made to turn formlessly by the tandem type or constructing a bridge reticulated, and is obtained is 
known. However, compared with the organic electrolytic solution, these amorphous-ized polymer has low ionic conductivity, and 
is hard to be referred to as having sufficient ion conductivity in ordinary temperature and the temperature not more than it. 
[0008] Then, the above-mentioned ion conductivity polymer is made to contain an organic solvent to the grade not oozing out 
that ion conductivity should be improved further, or thin film-ization is made that resistance of the whole ion conductor should 
be made low. All the solid-state type cells that used these solid polymer electrolytes become possible [ stopping internal 
resistance ]. However, a mechanical strength becomes very weak although the above polymer made to construct a bridge 
reticulated is excellent in ion conductivity as a solid polymer electrolyte. In case it is used for a cell as a result, the problem that a 
solid polymer electrolyte is damaged with the pressure to the solid polymer electrolyte built at the time of cell creation and 
charge and discharge will newly be produced. 

[0009] In order to solve this problem, various solid polymer electrolytes are proposed. For example, the complex which 
infiltrated solid polymer electrolytes, such as a polyethylene oxide, into the macromolecule porous membrane which consists of a 
polycarbonate, a polyvinyl chloride, etc. is mentioned to JP,63-102104,A. Moreover, the complex which distributed the particle 
which consists of the insulating matter or ion conductivity matter, such as glass and ceramics, in the solid polymer electrolyte is 
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mentioned to JP,8-148163,A. Furthermore, the copolymer obtained from the mixed polymer of polyvinyl alcohol and a 

polyethylene oxide, and vinyl alcohol and ethylene oxide is mentioned to JP,6-140051,A or JP,6- 150941, A. 

[0010] 

[Problem(s) to be Solved by the Invention] However, these solid polymer electrolytes have the following problems. First, in 
order that the electrolyte component from which the complex of a macromolecule porous membrane and a solid polymer 
electrolyte serves as a basis of ionic conduction may decrease, as an ion conductor, resistance becomes large. Therefore, when a 
cell was produced, there was a possibility of producing the fall of cell capacity, increase of internal resistance, etc. 
[001 1] Moreover, in order to produce a solid-polymer-electrolyte film uniformly, the process which arranges the particle 
diameter of the particle to distribute etc. was needed separately, and cost was required for the complex which distributed 
particles, such as high glass of a mechanical strength, and ceramics, etc. in the solid polymer electrolyte. Furthermore, the solid 
polymer electrolyte which consists of a copolymer obtained from the mixed polymer of polyvinyl alcohol and a polyethylene 
oxide, and vinyl alcohol and ethylene oxide is good about ion conductivity and a mechanical strength. However, when it uses for 
eye an activity hatchet, a metal lithium cell, or a lithium ion battery to a lithium, it is difficult for the hydroxyl group in polyvinyl 
alcohol for the reaction of a lithium and a hydroxyl group to occur and to make polyvinyl alcohol exist stably in a cell. 
Therefore, the electrode with this solid polymer electrolyte had a problem in stability and the cycle property. 
[0012] 

[Means for Solving the Problem] That the above-mentioned trouble should be solved, as a result of inquiring wholeheartedly, the 
artificer of this invention etc. found out that a trouble was solvable by the following methods, and resulted in this invention. In 
this way, according to this invention, the solid polymer electrolyte characterized by making the mixed polymer of the ether 
system polymer and fluorine system polymer which make a constituent ethylene oxide, propylene oxides, or these both contain a 
metal salt is offered. 

[0013] Moreover, it is made to solidify by irradiating an ionizing radiation, dissolving a metal salt and fluorine system polymer 
in an organic solvent, mixing the ether system polymer which makes a constituent ethylene oxide, propylene oxides, or these 
both at the optimal temperature in the obtained solution, and maintaining the temperature into mixture according to this 
invention, and the manufacture method of the solid polymer electrolyte characterized by removing an organic solvent by request 
is offered. 
[0014] 

[Embodiments of the Invention] The solid polymer electrolyte in this invention consists of a nonaqueous solution according to 
the ether system polymer which makes a constituent ethylene oxide, propylene oxides, or these both, fluorine system polymer 
and a metal salt, and the need. The ether system polymer used by this invention will not be limited especially if it is the polymer 
which contains ethylene oxide and/or a propylene oxide in a constituent. For example, the copolymer (any of a block and a 
random copolymer are sufficient) of a polyethylene oxide, a polypropylene oxide, a polyethylene oxide, the mixture of a 
polypropylene oxide and ethylene oxide, and a propylene oxide is mentioned. Furthermore, about 100 to 10000 low molecular 
weight, the tandem-type polymer which combined the ethylene oxide and/or the propylene oxide of about 100 to 1000 molecular 
weight as a side chain preferably, the polymer (it is also hereafter called reticulated bridge formation object polymer) which 
constructed the bridge reticulated in the thing with the structure of ethylene oxide and/or a propylene oxide are mentioned to the 
principal chain which consists of a polysiloxane, poly force FAZEN, etc. 

[0015] It is desirable to use reticulated bridge formation object polymer with the structure of a polyethylene oxide and/or a 
polypropylene oxide as ether system polymer especially in this invention. For example, if, as for 200,000 or more polyethylene 
oxides or a polypropylene oxide, weight average molecular weight applies 50-degree C heat in a nonaqueous solution (for 
example, carbonate system solvent), it is known that viscosity will rise rapidly. However, a certain amount of heat for dissolving 
fluorine system polymer is required of one side in a carbonate system solvent. Therefore, it is difficult to obtain the mixed 
polymer with which fluorine system polymer and the above-mentioned amount polymer of macromolecules were mixed 
uniformly. Therefore, it is desirable to use the ether system polymer to which the above change is not notably seen even if it 
applies required heat, and decomposition does not take place, either. That is, as for the ether system polymer in the time of 
mixing with fluorine system polymer in a carbonate system solvent, it is desirable that it is low molecular weight. The ranges of 
the weight average molecular weight of this polymer are 1000-50000 more preferably. 

[0016] Furthermore, you may solidify ether system polymer by meanses, such as irradiation of an ionizing radiation. You may 
perform this solidification by making for example, ether system polymer construct a bridge, and increasing molecular weight. In 
addition, it is desirable to perform it, after applying solidification on a base material so that a solid polymer electrolyte may 
become a desired configuration for example. Moreover, even if it has the mechanical strength which was excellent by using this 
ether system polymer as a reticulated bridge formation object and makes most quantity of a nonaqueous solution contain, the 
effusion of a nonaqueous solution can be prevented. Therefore, since the ionic conductivity excellent also in ordinary 
temperature can be made to give a solid polymer electrolyte, it is desirable. Therefore, it is desirable to use reticulated bridge 
formation object polymer with the structure of a polyethylene oxide and/or a polypropylene oxide as ether system polymer as 
stated also above. 

[0017] The fluorine system polymer used by this invention will not be limited especially if it is the polymer in the temperature 
requirement from which it dissolves in a specific organic solvent, and meltable temperature does not produce a rapid chemical 
change according ether system polymer to decomposition or a polymerization. For example, homopolymers, such as a 
polyvinylidene fluoride, the poly fluoride vinyl, a polytetrafluoroethylene, and poly hexafluoropropylene, are mentioned. 
Furthermore, the polymer to which copolymerization, ternary polymerization, etc. carried out two or more sorts of monomers 
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chosen from a fluoride vinylidene, a fluoride vinyl, a tetrafluoroethylene, hexafluoropropylene, etc. is also contained. In this 
invention, solubility with an organic solvent and composite nature with a metal salt have a desirable polyvinylidene fluoride 
especially from a good thing. Furthermore, the mechanical strength of polymer has the high range of 10,000-1 million, and since 
it is easy to dissolve also in a solvent, the weight average molecular weight of a polyvinylidene fluoride is desirable. The ranges 
especially of desirable weight average molecular weight are 100,000-500,000. 

[0018] Fluorine system polymer has [ the weight composition of ether system polymer and fluorine system polymer ] the 
desirable 10 - 100 weight section to the ether system polymer 100 weight section. It is not desirable, in order that a mechanical 
strength will not fully be obtained if there is less fluorine system polymer than 10 weight sections, and ion conductivity may 
carry out a remarkable fall on the other hand, if [ than the 100 weight sections ] more. The metal salt used for this invention will 
not be limited especially if it is the metal salt which can be used as an electrolyte of a cell. For example, a lithium perchlorate 
(LiC104), a 6 fluoride [ phosphoric-acid ] lithium (LiPF6), Hoe lithium fluoride (LiBF4), a trifluoromethane sulfonic-acid 
lithium (LiCF3S03), The lithium salt of screw (trifluoromethylsulfonyl) imide (Li(CF3S02) 2N), The lithium salt of a tris 
(trifluoromethylsulfonyl) methide (Li(CF3S02) 3C), A sodium perchlorate (NaC104), HOUFUTSU-ized sodium (NaBF4), a 
magnesium perchlorate (Mg2 (C104)), HOUFUTSU-ized magnesium (Mg2 (BF4)), etc. are mentioned. These can mix and use 
one sort or two sorts or more. 

[0019] The weight composition of the above-mentioned metal salt has the desirable 5-100 weight section to the mixed polymer 
100 weight section. If there are few metal salts than 5 weight sections, since there is little carrier ion in a solid electrolyte and 
ionic conductivity will become small, since the crystallinity of the polymer in ordinary temperature will become quite high by the 
rise of a glass transition point on the other hand while a metal salt is not fully dissociated if [ than the 100 weight sections ] more, 
it is not desirable preferably. 

[0020] It is desirable to include a nonaqueous solution in the above-mentioned mixed polymer from a viewpoint which realizes 
ionic conductivity excellent in practicality. As a nonaqueous solution, for example Ethylene carbonate (EC), propylene carbonate 
(PC), High dielectric constant solvents, such as butylene carbonate (BC), gamma-butyro lactone (BL), and gamma-valerolactone 
(VL), 1, 2-dimethoxyethane (DME), ethoxy methoxyethane (EME), 1, 2-diethoxy ethane (DEE), dimethyl carbonate (DMC), 
Hypoviscosity solvents, such as ethyl methyl carbonate (EMC), diethyl carbonate (DEC), a tetrahydrofuran (THF), 2-methyl 
terrahydrofuran (2MeTHF), and a dioxane (DO), are mentioned. These can mix and use one sort or two sorts or more. Since 
mixing and using the annular carbonate and the hypoviscosity solvent which are especially a high dielectric constant solvent with 
a desired mixing ratio can make ionic conductivity high, it is desirable. Since independent or the influence which using a mixed 
solvent has on environment of propylene carbonate and/or ethylene carbonate can be reduced as a high dielectric constant 
solvent, it is desirable. 

[0021] Moreover, a chain-like carbonate system solvent like dimethyl carbonate (DMC), ethyl methyl carbonate (EMC), and 
diethyl carbonate (DEC) also in a hypoviscosity solvent is desirable. A chain-like carbonate system solvent is because stability is 
good to the carbon with which the metal lithium or the lithium ion was inserted when a solid polymer electrolyte is used as an 
electrolyte of all solid state batteries. 

[0022] As for a nonaqueous solution, it is desirable to add so that 0.001-5.0 mols /of concentration of a metal salt may become 
the range of 0.05-2.0 mols/1. preferably 1. It is not desirable in order for a metal salt not to dissociate if 1. is preferably exceeded 
in 5.0 mols /, since ionic conductivity will become small with shortage of carrier ion if fewer in 0.001 mols /than 1., but to make 
ionic conductivity fall. 

[0023] Furthermore, it is desirable that the weight composition of mixed polymer is the 30 - 100 weight section to the 
nonaqueous-solution 100 weight section. If there are few components of mixed polymer than 30 weight sections, it is difficult for 
the effusion of a nonaqueous solution to arise and to form the solid polymer electrolyte of a desired configuration. Moreover, 
there is a possibility that sufficient mechanical strength may not be obtained though it is able to form. Moreover, if there are 
more components of mixed polymer than the 1 00 weight sections, since the effect of obtaining the ionic conductivity which was 
excellent by making a nonaqueous solution containing will be lost, it is not desirable. 

[0024] The manufacture method of the solid polymer electrolyte of this invention is explained below. First, fluorine system 
polymer and a metal salt are dissolved into the organic solvent which can dissolve fluorine system polymer and a metal salt. 
Here, when it is hard to dissolve fluorine system polymer and a metal salt in ordinary temperature, dissolving enough is desirable 
by heating. 

[0025] A suitable quantity of the metal salt of the organic solvent with meltable fluorine system polymer is also meltable, and 
even if it carries out a temperature up to the temperature which fluorine system polymer dissolves, it seldom volatilizes, but as 
for after film production, it is still more desirable to use an easily removable organic solvent. Specifically, an acetonitrile besides 
the above-mentioned nonaqueous solution, an acetone, a dimethylformamide, a dimethylacetamide, an acetylacetone, a 
cyclohexanone, an ethyl methyl ketone, dimethylamino propylamine, a hexamethylphosphoramide, jetty RUREN triamine, etc. 
are mentioned. Moreover, when producing the solid polymer electrolyte containing the nonaqueous solution, it is desirable that 
the organic solvent which may dissolve fluorine system polymer and a metal salt is either of the above-mentioned nonaqueous 
solutions. It is desirable to use a stable solvent to an electrode especially. 

[0026] Moreover, you may add a photopolymerization initiator to an organic solvent for solidification by the next ionizing 
radiation. As a photopolymerization initiator, carbonyl compounds, such as benzoyls, a sulfur compound, onium salts, etc. are 
mentioned. As for a photopolymerization initiator, it is desirable to carry out 0.1-5.0 weight section use to the ether system 
polymer 100 weight section. Then, it controls to the optimal temperature for both polymer, and ether system polymer is mixed. It 
is desirable to perform this mixture quickly. 
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[0027] This mixture is poured in on an application or a template or into a hermetically sealed enclosure on a substrate, and a 
solid polymer electrolyte can be manufactured by irradiating an ionizing radiation under the above-mentioned optimum 
temperature, and solidifying mixture. Solidification of mixture is considering as the cause that polymerization degree rises 
further here, when ether system polymer constructs a bridge. The method of applying on substrates, such as glass, aluminum, and 
stainless steel, as a method of applying mixture using a doctor blade, roller coating, a bar coder, etc. is mentioned. Activity 
beams of light, such as ultraviolet rays (UV), are contained in an ionizing radiation. 

[0028] In addition, the optimal temperature for both polymer is temperature to which the solvent containing fluorine system 
polymer does not begin to solidify a minimum, and an upper limit means the temperature to which decomposition or the thermal 
polymerization of ether system polymer does not happen. Furthermore, it is desirable to also make beforehand into the optimal 
above-mentioned temperature the substrate and template which are used in case a solid polymer electrolyte is formed, or a 
hermetically sealed enclosure. Moreover, the obtained solid polymer electrolyte may carry out dryness removal of the organic 
solvent by the vacuum or the ordinary pressure if needed. 

[0029] The solid polymer electrolyte of this invention can be used for any cells, such as a primary cell and a rechargeable 
battery. Moreover, it is desirable to use it for primary [ of all solid-states ] and a rechargeable battery. Among this, it is desirable 
to use it for the rechargeable battery of all solid-states. For example, it can be used for the rechargeable battery of all the 
solid-states of the composition like a less or equal. That with which the compound positive electrode which consists of ion 
conductive polymer solid electrolytes containing a positive active material, electric conduction material, a binder, and a metal 
salt was supported by the positive-electrode charge collector can be used for the positive electrode of the rechargeable battery of 
all solid-states. 

[0030] The metallic oxide which is not limited, for example, contains at least one sort of metals, such as cobalt, nickel, 
vanadium, manganese, and niobium, especially as a positive active material is mentioned. Especially, a lithium content cobalt 
oxide, a lithium content nickel oxide, and a lithium manganese multiple oxide are desirable. Moreover, electronic conductive 
polymer compounds, such as chalcogen compounds, such as 2 titanium sulfides and molybdenum disulfide, and polypyrrole, the 
poly aniline, etc. can be used for others. 

[0031] Especially as electric conduction material, it is not limited, for example, carbon, such as carbon black, acetylene black, 
and KETCHIEN black, a graphite powder (a natural graphite, artificial graphite), a metal powder, a metal fiber, etc. are 
mentioned. Especially as binding material, it is not limited but polyolefine system polymer, such as fluorine system polymer, 
such as a polytetrafluoroethylene and a polyvinylidene fluoride, polyethylene, polypropylene, and an ethylene-propylene-diene 
terpolymer, styrene butadiene rubber, etc. are mentioned. 

[0032] The solid polymer electrolyte of this invention can be used for the ion conductive polymer solid electrolyte containing a 
metal salt. Especially as a charge collector, it is not limited but a metal simple substance, an alloy, carbon, etc. are used. For 
example, titanium, aluminum, stainless steel, etc. can be used. Next, that with which the compound negative electrode which 
consists of ion conductive polymer electrolytes containing a negative-electrode active material, a binder, and a metal salt was 
supported by the negative-electrode charge collector can be used for the negative electrode of the rechargeable battery of all 
solid-states. 

[0033] Especially as a negative-electrode active material, although not limited, it is desirable to use the matter which can emit 
occlusion and ] a lithium, a lithium alloy, and/or a lithium. For example, a lithium metal, a lithium/aluminum containing alloy, a 
lithium / tin alloy, Lithium alloys, such as a lithium/lead alloy, and a Wood metal, the matter which can carry out the dope and ** 
dope of the lithium ion still more nearly electrochemically, For example, a conductive polymer (a polyacethylene, the poly 
thiophene, poly para-phenylene, etc.), A pyrolytic carbon, the pyrolytic carbon by which gaseous-phase pyrolysis was carried out 
under existence of a catalyst, a pitch, The carbon calcinated from macromolecules, such as carbon calcinated from corks, tar, 
etc., a cellulose, and phenol resin Matter independent or these complex, such as an inorganic compound (W02, Mo02 grade) 
which can carry out the dope and ** dope of the possible graphites (a natural graphite, an artificial graphite, expanded graphite, 
etc.) of the intercalation / day intercalation of a lithium ion and the lithium ion, can be used. 

[0034] Especially as binding material, it is not limited but polyolefine system polymer, such as fluorine system polymer, such as 
a polytetrafluoroethylene and a polyvinylidene fluoride, polyethylene, polypropylene, and an ethylene-propylene-diene 
terpolymer, styrene butadiene rubber, etc. are mentioned. The solid polymer electrolyte of this invention can be used for the ion 
conductive polymer electrolyte containing a metal salt. 

[0035] Especially as a charge collector, it is not limited but a metal simple substance, an alloy, etc. are used. For example, 
copper, nickel, stainless steel, etc. are mentioned. Especially the configuration of a cell is not limited but can apply coin, a 
button, a sheet, a cylinder, an angle, etc. to all here. By adopting the composition of this invention, it becomes possible to obtain 
the solid polymer electrolyte which shows the ionic conductivity and stability which were stable to occlusion or the carbon 
material which can be inserted, and were excellent over the latus temperature requirement in the lithium metal or the lithium. 
[0036] Furthermore, if the mechanical strength of a solid polymer electrolyte becomes high in a cell, the influence of breakage of 
the electrolyte by the pressure produced at the time of cell production and charge and discharge will be lost, thereby — the 
thickness of an ion conductor — rather — thin — it can carry out — in addition - and fully achieving the function as a separator, or 
since it can do, the need of daring insert non-[ made from polyethylene ] **** etc. into inter-electrode like the cell using the 
liquid electrolyte is lost Moreover, the thin solid polymer electrolyte of thickness can suppress the resistance which produces 
only the part in an electrolyte. 

[0037] Furthermore, in case a cell is produced, it is necessary to store all elements in fixed capacity. If a thin solid polymer 
electrolyte is used by this time, the capacity which this electrolyte occupies can be stopped. Therefore, it is ****** to be able to 
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enlarge capacity of the active material of an electrode relatively and to enlarge a cell energy density. Since the mechanical 

strength is large, a cell performance can also raise the solid polymer electrolyte of this invention. 

[0038] According to the solid polymer electrolyte of this invention, it has the property excellent in the latus temperature 

requirement by high-energy density, and a repeat charge-and-discharge life becomes possible [ offering all long solid state 

batteries ] from the above thing. 

[0039] 

[Example] Hereafter, an example and the example of comparison explain invention concretely. In addition, in the example and 
the example of comparison, ionic conductivity and mechanical tensile strength were measured as follows. 
(Ionic conductivity) Both the sides of the sample to measure were inserted by the blocking electrode of nickel, and the ionic 
conductivity in 20 degrees C was measured by the alternating current complex impedance method. 

(Mechanical tensile strength) It faced across the ends of the measurement sample which has a known size with a tensile strength 
testing machine, and pulled at about 5cm low speed for /, and the load at the time of going out the sample was measured. 
[0040] The polyvinylidene-fluoride 6.7 weight section of weight average molecular weight 300,000 [ about ] was enough 
dissolved in the propylene carbonate solution 1 00 weight section in which an example 1-3 lithium perchlorates were dissolved 
by the concentration of one mol/1. under about 120-degree C temperature. The temperature of the obtained solution was lowered 
to about 105 degrees C, and it mixed by carrying out 26.7 weight sections addition and stirring the ether system polymer 
(polyethylene-oxide diacrylate) of weight average molecular weight 5000 [ about ] in it. The solid polymer electrolyte of an 
example 1 was obtained by slushing this solution on a template, carrying out UV irradiation, and making ether system polymer 
construct a bridge. ( OWoM^-A ) 

[0041] Except considering as the polyvinylidene-fluoride 13.3 weight section and the ether system polymer 20.0 weight section 
(example 2), the polyvinylidene-fluoride 16.7 weight section, and the ether system polymer 16.7 weight section (example 3), it is 
the same method as an example 1 , and the solid polymer electrolyte was obtained. The relation between ionic conductivity and 
mechanical tensile strength in the addition of the polyvinylidene fluoride of the solid polymer electrolyte of the above-mentioned 
examples 1-3 is shown in drawing 1 . 

[0042] Moreover, even if the solid polymer electrolyte of examples 1-3 put the pressure to the grade which is not destroyed, 
propylene carbonate (nonaqueous solution) did not ooze out. Furthermore, chemical change was not seen by a solid polymer 
electrolyte and the lithium metal, although it joined to the metal lithium and the solid polymer electrolyte of the above-mentioned 
examples 1-3 was held for 30 days. Therefore, it turns out that it excels in chemical stability with a metal lithium. 
[0043] It mixed by adding and stirring the ether system polymer (polyethylene-oxide diacrylate) 33 weight section of weight 
average molecular weight 5000 [ about ] in the propylene carbonate solution 100 weight section in which the example of 
comparison 1 lithium perchlorate was dissolved by one-mol [/l. ] concentration. The solid polymer electrolyte was obtained by 
slushing and carrying out the UV irradiation of this solution, and making it construct a bridge on a template. The relation 
between the ionic conductivity of this solid polymer electrolyte and mechanical tensile strength is shown in drawing 1 . 
[0044] Drawing 1 shows that mechanical tensile strength is rising, whenever the addition of a polyvinylidene fluoride increases. 
Moreover, even if it increases the addition of a polyvinylidene fluoride, it rums out that ionic conductivity hardly changes. 
Therefore, mechanical tensile strength can be raised by addition of a polyvinylidene fluoride, without changing ionic 
conductivity. 

[0045] The polyvinylidene-fluoride 33 weight section of weight average molecular weight 300,000 [ about ] was enough 
dissolved in the propylene carbonate solution 100 weight section in which the example of comparison 2 lithium perchlorate was 
dissolved by one-mol [/l. ] concentration under 120-130-degree C temperature. The solid polymer electrolyte was obtained by 
slushing the obtained solution on a template and cooling naturally. The effusion of liquid produced this solid polymer electrolyte 
only by putting a pressure lightly. Therefore, it was impossible to have used it as a solid polymer electrolyte for cells. 
[0046] Press working of sheet metal of the mixture of the polyvinyl alcohol 100 weight section of example of comparison 3 
weight-average-molecular- weight 22,000 and the polyethylene-oxide 100 weight section of weight average molecular weight 
500,000 was carried out, and the film of 0.5mm of thickness was formed. It flooded with the propylene carbonate solution with 
which the lithium perchlorate dissolved this film in one-mol [/l. ] concentration at 50 degrees C for 24 hours. Then, the solid 
polymer electrolyte was obtained by drying a film. When this film and the metal lithium were joined and having been held for ten 
days, the metal lithium was seen changing with chemical reactions. 

[0047] according to this invention by the above examples 1-3 and examples 1-3 of comparison ~ high ionic conductivity — 
having — in addition — and the solid polymer electrolyte excellent in the mechanical strength was obtained, and it turns out 
chemical or that it excels also in reliability electrochemical stability and over a long period of time Furthermore, if reticulated 
bridge formation object polymer is used as ether system polymer, manufacture is very easy, and the mechanical strength was also 
fully able to be maintained. Moreover, even if it contained a lot of organic solvents which the weight ratio of polymer calls 30 
weight sections grade to the solvent 100 weight section, the effusion of liquid did not happen. Therefore, internal resistance 
could be fallen in the electrochemistry element, especially the cell, and reliability was also able to be raised. 
[0048] 

[Effect of the Invention] The solid polymer electrolyte of this invention consists of mixed polymer of the ether system polymer 
and fluorine system polymer which make ethylene oxide and/or a propylene oxide a constituent Therefore, a mechanical strength 
can be raised, maintaining the outstanding ion conductivity. Furthermore, the cell using the solid polymer electrolyte of this 
invention has small internal resistance at a thin shape, and is excellent in reliability chemical or electrochemical stability and 
over a long period of time. 
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[0049] Furthermore, by making this mixed polymer contain a nonaqueous solution, a solid polymer electrolyte with the ionic 
conductivity which was more excellent in practicality can be obtained, and, moreover, sufficient mechanical strength can also be 
maintained. Moreover, the manufacture method of this electrolyte mixes ether system polymer and fluorine system polymer, only 
irradiates an ionizing radiation, and since it is not necessary to make it especially a copolymer, it is easily producible at an easy 
process. 



[Translation done.] 
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